INTRODUCTION
Facial disfigurement can result from bone deficiency following trauma or surgery. To minimize the associated functional and cosmetic problems a number of reconstructive options are available to the surgeon including the use of autogenous and alloplastic implants 1, 2 . The most common alloplastic implants include titanium bone plates and screws, which though well tolerated are associated with delayed complications including implant extrusion or fracture 3 .
Sources of free non-vascularised bone grafts include calvarium, rib, ilium, tibia, fibula, scapula and radius 4 . Their usefulness have, however, been limited by early bone resorption and infection 5 . Vascularised grafts are now the state-of-the-art for bone replacement in the maxillofacial region 6 , as they are reliable, resistant to radiation and infection, and allow the placement of dental implants. Their disadvantages include high cost, the need for specialized training and equipment as well as significant donor site morbidity 7, 8 .
In Ghana, resource constraints combined with lack of requisite skills limit the reconstructive options available to the surgeon. The lack of universal health insurance and widespread poverty among patients also influence the treatment choices they make, and therefore limit access to reconstruction following ablative surgery.
In our practice patients commonly present with advanced facial tumours. Resection of these tumours usually involves large segments of bone.
Where possible, reconstruction of the ensuing defect is carried out at the same operation using autogenous non-vascularised tissue. A smaller number of patients with pre-existing traumatic defects of bone and soft tissue also undergo reconstruction. The purpose of this study was to review the outcome of non-vascularised autogenous rib grafts used in some of our patients.
PATIENTS AND METHODS
Patients with hard tissue defects resulting from trauma or elective surgery treated at the Komfo Anokye Teaching Hospital during the 9-year pe-riod from 1996-2004 form the study sample. Information on sex, age, diagnosis, operative procedure, and outcome was obtained from patient records. The surgical technique of rib harvest, its storage, and subsequent implantation has been standardized in our unit. Grafts harvested were either rib bone, rib bone with cartilage, or cartilage alone. The graft was considered to be successful if healing was uncomplicated within the first 6 months of its placement. Only patients who were followed up for at least 12 months were included in the analysis.
Surgical Technique
A pre-operative chest x-ray was taken in all cases to rule out pre-existing chest pathology. The size of the f defect to be reconstructed was estimated by comparing with either adjacent structures or the normal side where applicable. Surgery was carried out under general anaesthesia via nastrocheal, orotracheal, fiberoptic intubation or a tracheostomy. Pre-operatively, 300mg clindamycin was administered intravenously. The appropriate length of rib, usually 5 th and 6 th , was harvested through an anterior chest incision with preservation of the periosteal envelope. The bone graft was then stored in a solution of 300mg clindamycin/500ml normal saline. Following careful haemostasis the donor site was closed in layers without drainage and a pressure dressing was applied. The site of the facial lesion was then operated upon and prepared to receive the bone graft. The graft was molded to fit the defect and secured with either mini-plates or wires. Intermaxillary fixation was applied for 4 weeks except where the reconstruction was for ankylosis of the mandible, when the fixation was maintained for only 72 hours. The wound at the recipient site was closed in layers after placing a drain. Where the ear was reconstructed a firm pressure dressing was applied for at least one week. Adult patients were prescribed oral clindamycin 500mg t.i.d. for 5 days after the operation, with the dose being appropriately adjusted for younger patients.
RESULTS
A total of 29 patients made up of 18 males and 11 females were studied. Their ages ranged from 12 to 65 years with a mean of 35.5years. The main indications for grafting were ameloblastoma and ankylosis (Table 1) . More than 80% of the reconstructions involved the mandible. Rib cartilage was used for ear reconstruction in two (2) patients. In the immediate post-operative period all the patients complained of mild donor site pain which was successfully managed with non-steroidal analgesics. Majority (26/29) of patients had no graftrelated complications. Intra-oral wound dehiscence with exposure of the graft was seen in two patients. In both cases this was successfully managed with antibiotics. In one patient the bone graft underwent early resorption within 6 months of the procedure (Table 2) . Healed Lost Excised Successful *Early = complication occurring within 6 months after surgery +Late = complication occurring more than 6 months after surgery Late complications included recurrence of tumour in the bone graft in two patients who were operated for osteosarcoma of the mandible, unaesthetic wrinkling of redundant facial skin and hypertrophic scarring (Figure 2b ).
In all cases except where the graft underwent resorption, there was an improved appearance and prosthetic rehabilitation was easier. (Figures 1, 2, 3  and 4) . 
DISCUSSION
The sample is small considering the fact that large jaw tumours are common in our part of the world. One possible reason for this was that, in the prevailing fee for service ("cash and carry") system of health financing, not all the patients who had their tumours excised could afford the added cost of immediate reconstruction.
The use of free non-vascularised bone grafts to replace large segments of facial bone has been superseded by microvascular techniques in developed countries where such skills and facilities are readily available and outcomes are more predictable 7 . Vascularised grafts are less likely to get infected or resorb as compared with nonvascularised ones. In developing countries, however, the older reconstructive techniques still have a place provided steps are taken to minimize graft failure.
In this series, majority of the grafts survived even when they bridged long defects of jaw bone. One graft failed completely after undergoing early resorption. This was attributed to early loading with a denture. Two grafts dehisced intra-orally but survived after antibiotic therapy. The dehiscence was attributed to excessive tension in the mucosal closure. Salivary contamination resulting in infection of the graft partly accounts for failure of free grafts 9 . The low infection rate observed in this study 10 could be attributed to the additional stabilization of the grafts by the use of intermaxillary fixation, and the prophylactic use of systemic clindamycin as well as the temporary storage of the graft in a clindamycin-saline solution. Clindamycin is a broad spectrum antibiotic which is active against aerobic, anaerobic, and beta-lactamase producing pathogens. It has significant tissue penetration including bone 11 . Its prophylactic use both intra-operatively and post-operatively, ensured that the drug became incorporated into the graft and the surrounding blood clot and was also freely available in the circulation.
Early graft-related complications were few. Tumour recurrence in the graft was a late complication and was seen in two cases. This was thought to be due to inadequate excision of tumour during the initial surgery and could have been avoided if microvascular reconstruction had been available 12, 13 .
Apart from post-operative pain which was successfully managed with analgesics no significant morbidity at the donor site was reported, making this procedure relatively safe and attractive to use. Even though the rib grafts offered little bulk in the mandible, they provided an effective skeletal base to support a denture.
The majority of the reconstructions followed surgery for ameloblastoma of the mandible. These tumours are common in our pratice and pose a reconstructive challenge 14 .
Reconstruction of large segment of mandible using free rib gave a better functional and cosmetic outcome than if nothing had been done after tumour resection.
Until the technical deficiencies and cost factors 15 that prevent the adoption of state-of-the-art practices in tissue reconstruction in developing countries are addressed, non-vascularised rib grafts may continue to be used in restoring function and giving a more satisfactory appearance in patients with maxillofacial defects.
CONCLUSION
In the absence of facilities for vascularised tissue transfer free autogenous rib was used to reconstruct defects in the maxillofacial region with reasonably good results. The survival of the graft was attributed to the stabilization of the graft using intermaxillary fixation; the systemic administration of clindamycin peri-operatively; and the temporary storage of the graft in clindamycin/saline solution prior to implantation.
